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(54) SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance uniformity of a 
quantum-well width and provide a semiconductor laser having 
good characteristics by a method, wherein a surface roughness 
of an active layer having a quantum-well structure is reduced. 
SOLUTION: This laser is constructed so as to comprise a 
multiple quantum well(MQW) active layer using an n-type GaAs 
substrate having a main face off from (001) face as a 
substrate, as a SCH(separate confinement heterostructure) 
structure. In this case, there is provided a roughness 2 
restoration layer 3 which does not absorb lights from the MQW 
active layer between the n-type GaAs substrate and the MQW 
active layer, specifically between an n-type AIGalnP clad layer 
2 and an n-type AIGalnP optical waveguide layer 4. The 
roughness restoration layer 3 is constructed of a multilayered 
film, having a super-lattice structure which is laminated 
alternately with an n-type GalnP layer 3a and an n-type 
AIGalnP layer 3b. In this case, a thickness of the n-type GalnP 
layer 3a is set at 3 nm, and a thickness of the n-type AIGalnP 
layer 3b is set 3 nm. The n-type GalnP layer 3a and the n- 

type AIGalnP layer 3b are laminated alternately, so that the n-type GalnP layers 3a formed a 5 n-type 
layers. 
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SteJri/pjaGaAs*^ v^J!9^ v MOCVDSl; 

[0 0 4 4] ;*|^ PB4lZ9t-JtolZ s pSGaAs* 

* <v zrm 9 ©^®c«x./ic v D^jic «t »> s i o, mt> 

->yUTflr*«©XI>7^^ttc!)7^^ 1 3SJBfi8 
"t*o /*lCx COx'^^ 1 3*Ivf>m?t LT 
ffl^t, ->i-> hx v ^>y>S«CJ:»» pSA 1 G a I n 
K/l7©flldp3-UD©a«*»©S*STXy^>y 
t"5, ;ili;i7T. pSAlGaInP?7-/KI7 
©±iifflx pSGa I n P^flBfli 8*J«tT/p^G « A s 

**f7i9 *<, -*isjiciit/smg«© y y vt. h 5 

[0 0 4 5]/*C B5lC^ridl=, XvT>7^X 
p23AlGaInP^7^-i7±|;, nSGaAcS 
[004 6] fr\z. YX? U4i7?>^»4lfc 
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t/nSS^^/i1 0(D^iElcp{l«a€5l 1 &fl^T3 
"SGaA sStRI ©$g|~ n fflijfc&1 24 

(00 4 7) ±3«©J:3K«|/«itifcc«!>Al Gain 

fKl2tnSA1GaInP^»)B4i:©«l:, n 
SGalnnatnSAl G a I n P/I3 bfc#£S 

^©K^»*|3J:»). MQWSttlS©GalnP^ 
^^*^#P«^A 1 G a I n P^&fcaffgJBoSljli 
^ 7 ^5 0 LfeAbT, MQWJStMl5© 

»*#^«©»aa>fl>SS$ x nlGaAsSfil&l 
T*?afiA<5 0 ©tf^JMfifc/BUfc^fcCfca;*^,), 

d©£«> % MQWJgtt 
[0 0 4 8] *LT, Z(D&5t^ MQW«1$JI5©* 

t>fi«aa©<g;«L »»^cDi^±sBi^ci;A<TSit 

[0 0 4 9] U±Z<D&W<DnKMHHz-JU-CAto*HZ 

r>P/S3a*}«ktJfn S2Al G a I n Pfl 3 b©»**« 

oTt-fcis, AftttlZfi* «x.tf N nSGalnPiS 
afeitfnUAl G a I n P«3 b©J*2 «4l«4t 
InmfcU nS2GaInp«3aA'1 Oflit^SJ;^ 
K» r>2IGaInP/13aj3j:tfn32AlGaInPJi 

Co oso] i fcs flAHt, JtHto-saoglBteM* 
T. 7 7^^SlJBJi3li, nSA 1 GaInP^5'y K 
«2^nSAl GaInP**»«4fc©JMSK:ttl*& 
*vcn*A<, ztit** ngAl Ga I nP^j»««4cp 

m&VTt.,.tlK JMMMztt. mS.lt. n£|A l Ga 
InP^-v K«2in3!A1 GalnP JfcSJiAJg 4 ^ 
<0«lZ7:7*asHB«3fcttl*, nfAlGa 
InP * 7 » ^«2*fc7 7*;*SSfcJI3£tSI*T*«fc 



»B¥10-2 847 94 

n» co««> ^7^xttfj«3A<2flns:y&ti5c:t 

too s 1 j mo>-xmmz.ti\.sxs 

&«<D*l*.fc5C % nSAlG«lnPftJ|«i4i£ 
«pmA1 GaInP^3;A«6(Z)g[*$|9I+LT«« 

tO 0 5 2] ±St©-HH»JiteJS l »Ttt, £© 

TSttWLt-A<. zaftati. DH (Oouble Heterostruc 
ture) mm<D$m# U~tf ICS/BUT* «fc U. d©« 

[0 0 5 3] *fc, -ka©-WWP«|(Cfcl»Ttt, C© 
fte/ifcA 1 Ga I n P*©*SK*u— tfttMLteW* 
fc-^TttfflLfc^ Z©«iBtt N AlGaAsiR©* 

m#is-v % 1 1 -v ifcfc£#j**f*$fflu*:#3i# 

[0054] 

[»«©&*] tt±«w!Uij;5E s zcmmjcj:*. 

tf x **f*lH5fc;Stt«i:©IBIC57*^B^«^|ait 

J££ftXf;:£9 % SttJI©«ffi5 7*^6r«»-r*^i:y,t 
T34 0 CltLl2J;t>, «^#/3«4>**©iS|-tt©|i]± 

[Hffl©lB-*<iW^] 

[RI1] £©$M8<D~SWfcJBflSl3J:*Al GalnP 

IH2] C©*W©-Sfe»JBlHtj;^Al GalnP 
[El 3] Z0>&fi}<Z>-mttemiZ*<S,A1 Ga I nP 

[04] C©»lH©^»$Sjfcf|SlzJ;3Al GalnP 
[EI6] C©»W©-Sm*BCJ:*A 1 Ga I nP 

So 

[H6] ^fflAlGalnP^iftu-i/^t 
f07] (¥*©A1 GaInP^^ai^t/-y©TE 
[^^©JttBfl] 

1 • • nIGaAsSts, z - . • n ^A 1 Ga I n 
KJ8, 3 • - - 57**jgfl5,f x 3a • n 
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ttfcJ¥1 0-284794 



MGalnPB, 3b - • . niAlGalnPfl, 4 
' * • nSAl GaInP^fl N 5 • • • MQW)g 
tt/8> 6 • • pgA 1 Gain PVt^HAM* 7 - • . 
P§A16aInP^7Ki, 8 - ■ • pgGaln 



• nSGaAs«a8»59f«, 11-.. pfl]«$, 1 2 



CBBtl 
Jto)i 



7(p) piAianflfrjvitf 




4(n) -■*!<:. (»»*•»■ 

*)(*)) RMOlAlSf 



[EI2) 










y 












./ -7 



CnJ 

^ 34(n) 

(*> 
(r») 
SACn) 

3b(n) i>RAi^.infi 
3*(n) nIOiuri 

Cn) 




[85] 





ESS 1 




Z2 



f07(p) 

109 (p) 

102(n) 



-101 (n) 
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[07] 




[^ttffliiE 1 J 

[ttJES&J 
I*iIErt£] 

101] Z<D&ef)0)-mftJtifo { ZJl&Al GalnP 
[02] -©fSB<D-5B«&ffil;:j:*A1 Qa I nP 

&#mi* u - if o) 77 7 *^fi«jB *^r»fiiia7?* a . 

[03] C0«?8(7)-3USJB)B[CJ:iAl QolnP 

So 

[04] r.©«lWO-5feS8>|5B||c:«t^Al Gal n p 
^ - VKWknV&Wtf- S fc46(OBfil0T?& 

So 



[0ij C<D««B©-5tt«&IBIc:,fcSAl GalnP 

***** u — tf wwt-i >ito©i(TB0-i:fo 

*. 

[06] t«*©Al GaInP»i»i*#u— tf^t" 
[07] K*OA 1 Ga I nP*#3W*U-if©TE 
[??#<DKW] 

1 • • • nSBQaAsa« x 2 • ■ • n£?A 1 Gain 
P>^ v K*> 3 ■ • ^-7*7>a%,M* 3 a ■ • n 
SQ«I«Pi. 3b- ■ -nlAlGalnPi, 4 

• • nEAi Ga inpxmmm. 5 • • • MOWS 

ttJlv 6 • • • p32A 1 Ga I n P3fe*«fl, 7 ■ • • 
PSA 1 GaInP£5«y KJK 8 • • • pfgGa I n 
PfflMK 9 • • pggGaAs + ^.y7'fl| % 10-. 

• nSBGa Asti6^I, 11-.. pflmfi, 1 2 

• • • ntnas 



